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Abstract—This paper presents an effective approach to detect 
the variation of the grid impedance for single phase PV grid 
connected inverter interfaced by LCL filter. The proposed 
technique entails the use of a digital Sallen-Key band pass filter 
placed at the point of common coupling (PCC) to filter out the 
harmonic components around the resonance frequency. Series of 
statistical signal processing steps are applied to the output signal 
of the band pass filter in order to identify the grid impedance 
variation. The techniques described in this paper can be deployed 
to tune the current controller gains using gain-scheduling method; 
it can also be utilized in islanding detection leading to power 
quality enhancement. MATLAB/Simulation results based on 
experimental data of PV grid inverter system subjected to wide 
range of impedance variation are presented to validate the 
proposed method. 
Keywords—LCL Filter, Bandpass filter, Resonance Detection, 
Grid Impedance Estimation. 
I. INTRODUCTION  
The penetration of Photovoltaic systems (PV) connected to 
grid are increasing rapidly to reach a total installed capacity of 
approximately 294 GW in 2016 [1]. In particular they are 
gaining fame and popularity due to their suitability for both, 
standalone systems such as houses and institutions and grid 
connected systems [2, 3]. Due to the time varying of grid 
operation condition, smart interface between dispatchers and the 
network that employs such distribution generation systems 
(DPGS) might be essential in order to satisfy the consumer’s 
demands in one hand and, for safety and reliability purposes on 
the other hand [4]. The reason behind grid system impedance 
variation is a combination between several factors including 
transformers, cables, and loads. Apart from medium and high 
voltage transformers impedance (mainly inductive), the low 
voltage cables introduce a prevalently resistive impedance that 
changes according to the distance between the PV system and 
the transformer [5]. Indeed, the grid impedance information is 
of prime importance for inverter filter design, grid failure 
detection, compliance with standard specification such as 
IEEE929, IEEE1547 and VDE0126, islanding operation and last 
but not least, control loop tuning [4]. In general, the state of art 
classifies the grid impedance prediction and estimation 
techniques into two main categories [6, 7]: 
Invasive method where one or more disturbances harmonic 
signals injected to the system in randomly or periodically way. 
These disturbances can be at low frequency rage as reported in 
[8, 9], or high frequency range as presented in [10], to excite the 
system response. Based on system response, the grid impedance 
can be estimated from the current and voltage measurements.  
In contrast, non-invasive method which depends on the 
measured excitation of the natural load variation to determine 
the impedance value as presented in [11, 12]. Both categories 
has its own drawbacks which make it difficult to be 
implemented in undedicated platform (i.e. PV inverter systems).    
For on-line estimation of the grid impedance, the work in 
[13] presented a classical Kalman filter based on the inherent 
disturbances at point of common coupling (PCC) and by 
utilizing an observer-based parameters identification. However, 
this method suffers from complicated tuning processing. 
Alternative technique was proposed in [14], by producing a 
small perturbation in the form of periodical active and reactive 
power variation.  More associated researches can be found in 
[15-18].  
In modern manufacturing inverter application, low pass LCL 
filter is preferable to interface the grid for smoothing current 
injection. This is mainly because of their advantages over L and 
LC filters in terms of harmonic attenuation, overall weight and 
size reduction and cost saving [19]. However, undesired 
resonant effect of LCL filter might be raised and lead to 
instability [20]. For this reason, this paper proposes a new 
method to track the variation in the grid impedance by utilizing 
the oscillated resonant frequency. To achieve this, a digital 
Sallen-Key band pass filter is designed to filter out the harmonic 
components around the resonance frequency of PCC voltage 
waveform.The output signal from the band pass filter is 
statistically processed to detect the impedance variations.  It 
worth to point out that only the inductive part is considered, as 
increasing in grid inductance leads to unstable distribution 
system [7]. The paper is organized as follow: Section II presents 
the system description along with the proposed method 
including the effect of grid impedance variation on the 
resonance of LCL filter. Measured results are presented in 
Section III. Finally, conclusions from this work are presented in 
sections IV.    
II. PROPOSED METHOD 
A. System Discribtion 
Fig.1 shows the schematic diagram of single phase H- bridge 
inverter interfacing the grid by Line LCL filter in series with 
emulated grid tapped inductor. Importantly, it shows the 
position of voltage sensor at the point of common coupling PCC 
and the position of the grid side current sensor at the grid side. 
The signal of PCC voltage is fed to a digital band pass filter, then 
the output ending up to a digital signal processing in the control 
platform. Phase locked loop PLL block is implemented for 
ensuring unity power factor and synchronization purposes.  
 
 Fig.1. Schemetic diagrim of simulated grid inverter system. 
B. Effect of grid inductance on LCL filter resonance 
The system shown in Fig.1, has been investigated under 
wide range of grid inductance by varying the emulated tapped 
inductance. According to IEC60725 standards [21], the  UK 
residential consumers complex supply impedance for single 
phase connection at 50 Hz  can varies up to approximately 0.8 
mH for the worst case scenario (weak grid) and down to a 
neglected inductance (stiff grid). It has been shown that (see 
Fig.2) once the inverter system is connected to the main, the 
LCL resonant frequency given in equation (1) is highly depends 
on the grid inductor.  
 
√
L1+L2+Lg
L1×(L2+Lg)×Cf
 (1) 
Where, 𝐿1, 𝐿2, 𝐿𝑔 and 𝐶𝑓 are: inverter side inductor, grid side 
inductor, grid impedance inductor and filter capacitor 
respectively. 
 
 
Fig. 2. Resonance frequency variation as function of grid inductance. 
 
    As shown in Fig.2, the resonant frequency can experience 
a drop up to 30 % in the case of weak grid due to the increase of 
grid inductance. In this case the dynamic and stability problems 
might rise in the low frequency range around the bandwidth of 
the controller frequency. On the contrary, these problems are 
also applicable in the high frequency range around LCL filter 
resonant frequency. The relationship between the system 
resonance frequency and system stability has been analysed and 
detailed in [22].   
C. Design and digital implementation of bandpass filter 
Fig.3 shows a second order Sallen-key bandpass filter. The 
fourth order filter can be shaped by cascading two second order 
filters. In this work, the designed forth order bandpass filter 
operates between 3 kHz-to- 4.5 kHz, which is the bandwidth of 
harmonic components around the resonant frequency. It is 
important to mention that the bandwidth of the filter has been 
selected based on FFT analysis for the PCC voltage waveform, 
and calculation of the resonant frequency given in equation 1. 
The specification of the forth order bandpass filter is given in 
table 1. 
 
 
 
Fig.3. Schemetic diagrim of second orther analoug bandpass filter.. 
 
TABLE.I    SPECIFICATION OF BANDPASS FILTER 
 
Topology order response 
Central 
frequency 
bandwidth 
Sallen-Key 4th Butterworth 3750 Hz 1500 Hz 
 
For the digital implementation of the bandpass filter, the 
discretization method has to be carefully selected, because many 
of the existing techniques can result in poles displacement and 
frequency deviation respect to the continuous transfer function 
[23]. This can be achieved using the “c2z” function in Matlab 
with a suitable discretization method. Zero order hold (ZOH) 
has been selected due to its ability to produce identical match in 
the frequency domain between the continuous and discrete 
transfer function. The s-domain transfer function of the 
bandpass filter is given in equation (2) and the Corresponding z-
domain transfer function is given in equation (3). 
 
𝐵𝑃(𝑠) =
4.09𝑒95𝑠2
𝑠4+1.332𝑒4𝑠3+1.155𝑒9𝑠2+7.388𝑒12𝑠+3.076𝑒17
          (2) 
 
𝐵𝑃(𝑧) =
3.206𝑧3−3.826𝑧2−1.978𝑧+2.598
𝑧4−1.333𝑧3+1.874𝑧2−0.9546𝑧+0.5137
                       (3) 
 
 
As illustrated in Fig.4, the frequency response characteristic 
for both s-domain and z- domain are obviously identical. The 
filter high gain (38) will magnify the magnitudes of the 
harmonic components around the resonant frequency where the 
harmonic components around the fundamental frequency are 
attenuated to -56 dB. 
 
 
Fig. 4. Frequency response comparison between s- domain and z-domain 
transfer function 
 
 
The next step following the bandpass filtering is statistical 
signal processing chain which consist of the following analysis: 
rectifying, integrating and averaging of the obtained signal 
(Fig.5). The resulted average value is found to be different for 
every inductance of the emulated grid impedance inductor. 
These values can be readable by microprocessor and considered 
for further action such as control adaptation and islanding 
detection. 
 
Fig.5. Signal processing chain . 
 
III. RESULTS 
The single phase grid connected PV inverter depicted earlier 
in Fig.1 has been modelled in MATLAB/Simulink. The grid 
voltage block has been created based on experimental date of the 
utility network that available for the research group in electrical 
power laboratory at Newcastle University. The model consists 
of different magnitudes and phase angles summed together to 
form a grid voltage signal with 2.47% total harmonic distortion 
(THD) as shown in Fig. (6).  
 
 
Fig. 6. THD % of harmonic poluted grid voltag . 
 
 
As the PCC voltage signal (see  Fig7 (a) and 8 (a)) goes 
throw the digital bandpass filter, the filter high pass gain will 
allow only the harmonic component around the resonant 
frequency to be passed in the form of an oscillated signal, while 
attenuating those components around the fundamental 
frequency. This can be easily spot on Fig. 4, where the 
attenuation gain is equal to -56 dB as illustrated in Fig (4). 
Fig.7 and Fig.8 shows the simulation results of the system 
being connected to a grid impedance of 0.1mH and 0.8 mH 
respectively. As can be seen from Fig.7 (b), the asymmetrical 
oscillation of the filtered signal in the case of Lg = 0.1mH is less 
than that of Lg= 0.8mH which presented in Fig.8 (b). In fact, it 
has been found that the higher the grid inductor the more 
oscillation presents in the voltage signal. The next step in 
processing chain is rectifying the filtered signal to offset the 
negative part yields, the rectifying signals shown in Fig.7 (c) and 
8 (c) for Lg = 0.1mH and Lg = 0.8mH respectively.     
The results shown in Fig.7 (d) and Fig.8 (d) show the second 
step which is the integration output of the rectified signal. Again, 
the change in the grid inductance can be linked to the change of 
resonant frequency, where the peak points of the integrated 
signal related to Lg = 0.8 mH is significantly bigger than those 
of Lg = 0.1 mH. The last step in the signal processing is the 
averaging which is done by taking the average of the last ten 
cycles of the integrating signal (see Table II). The resulted value 
in every case is the corresponding value of the grid impedance.  
 
 
 
(a) 
 
 (b) 
 
 
 (c) 
 
 
 (d) 
Fig.7 Simulation results of filtering and signal processing chain of Lg = 0.1          
mH: (a) Filter input Vpcc signal. (b) Filter output signal, (c) Rectifying signal, 
and (d) integrated signal. 
 
 
 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Fig.8 Simulation results of filtering and signal processing chain of Lg = 0.8 
mH: (a) Filter input Vpcc signal. (b) Filter output signal, (c) Rectifying signal, 
and (d) integrated signal. 
 
TABLE.II THE AVERAGE VALUES OF THE INTEGRATED SIGNALS 
  
 
IV.    CONCLUSION 
Based on the fact that online identification of grid impedance 
is essential for stability and reliability of grid tide inverter, this 
paper has proposed a grid impedance estimation method that can 
be utilized for adaptive regulators and islanding detection. The 
method implements a high order digital bandpass filter and chain 
of statistic signal processing for resonance detection and 
analysis. It has been found the changeable grid impedance can 
be tracked and estimated according to the system resonance 
variation. Comparing with other methods, this technique can be 
promised in term of simplicity and cost effectiveness hence, no 
additional hardware is needed as all the captured data are 
collected from the already installed devices and sensors of the 
system.   
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